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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 
(57)Abstract: 

PURPOSE: To prevent both a source and a drain region from increasing 
in resistance by a method wherein impurity ions are implanted into both 
a source forming region and a drain forming region before and after the 
sidewall of a gate electrode is formed so as to form an impurity ion- 
diffused layer which is deep extending under the sidewall of a gate. 
CONSTITUTION: A gate oxide film 7 and a gate electrode 8 are formed 
on the surface of a semiconductor substrate 1. Then, impurity ions are 
implanted into a source forming region and a drain forming region 1 0 
after the gate electrode 8 is formed. In succession, an insulating film 9 
is formed on the gate electrode and the semiconductor substrate 1, and 
a sidewall 12 formed of the insulating film 9 is formed only on the side 
of the gate electrode 8 by anisotropically etching the insulating film 9. 
Thereafter, impurity ions are implanted again into the source forming 
region and the drain forming region 10 so as to make the regions 10 as 
high in concentration as prescribed, and a source impurity diffusion 
layer 15 and a drain impurity diffusion layer 15 both deep are formed by 
a thermal treatment. By this setup, both a source and a drain region can 
be prevented from increasing in resistance as much as possible. 
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[#fF»#Oj£ffl] 

away- h««*T«jSLfc«y-* kw ^M&mmm 

^^LTfifrlS^- KSffiOfiSffi<O^Jcg9IS»8dS36^ 20 
[0 00 1] 

[K3E±«ofM4WM *S§9If3\ MOS 

[0 0 0 2] 30 

mos h^>-^^Sr#i--5^»^e 
<Of£#tf>»3fcfr8!«rH 1 3 5£#J$LTl&9!i- 
5 0 5fci\ «ttfPS0->!lay|«10P»x^ji 
ffl«*JC^0t|^(i B ;^3r K-Xf lOOkeV, 

2. o x i o'3 car 2 -cffiAbfe«^N!>*/w?gj*;ffl«« 

i£#l;tf;fP-T K— Xfl 6 0 k e V. 6. 4X1 

0 12 cr 2 TSAU 119 0^ 15 0 #<£>!&X^£rJk 
n^iaoTP')x/^2WN!)x;«3^ 
(HI 3 (a) o ^OtLOCOS&ia 

!9^»«S*4Sr^i-5 (HI 3 (a) 0 4o 

[0003] fcic. jfe-TP^*A«*2*^3faob# 
V^««BES:»5aiC«*.tfB-<^Srl 5 k e V. 1. 
0X1 0 13 cm- 2 -C^Ai-^C ^tCtoT^Y^/^ciO 
»ft*rfSffl5U &V^N?3L/V-^c3 ^ iC^fllCD L# V^ 
«WflE4:»**Jc«*.tfP-f ^X«:K-X*l 2 0 k e 
V s 1. 0X10 13 cm- z T?IAU ^tAs^m 
K-X14 0keV v 2. 5 X 1 0 12 an* 2 TSAt5 ^ 
tfcJ:?)^-Y^/v«ffifo««S:W«i-S (013 (b) 
mm) a 

[0 0 0 4] J^T. KE*«¥fci-5*N^**^MO so 



S h7>^X^oa^3tt-ov>TO^|^^i-5o Hi 4 
(a) ICTt i 5 fc*f «3J t tf 8 0 0 1^) 1 0 %HC 1 

^tfffS 7 nmOS i O2 d^45^M»aR7^ 
SfcU »C^(D|ftafflt7±lCLPCVD8feJCj: Off 3 2 
00nmO#y;>y = yR8«:itaU Nf + ^MO 
S h7^i?Xfim&±<OtfV:>}) =^K8|C«*tfA s 
^t^K-Xi4 0ke.V v 3. 0 X 1 0 15 cm" 2 ~C2£ 

au pft^Mosf7^^s«io^y^y 

= ^JK^^fiBF 2 -i -trls* 5 k e V x 

1. 0 x l 0 15 cur 2 mi, #J;ttfR I Eifc«r/BV*T 

**©**6*<D&Ar±. PEP OtetUBS) SrfiJJBUT 

[0 0 0 5]fc **#*«l©*BWJi«850 
tOOz tfX-VWtfo-tZZbKXymZ&l 0-5 6 n 
ml^OS i Oz R9^fitt-5 (H 1 4 (b) # 
AS) . fc^TKft^MOSf^^^oy^, 

k e V. 5 ; 0 X 1 0 15 cm' 2 T&AU ilg^ktT 

y—*. kwhwio' (hi 4 (b) 

KW^»riUB**lz:Wu ^Jt{fBF 2 
-Xfi3 5keV s 3. 0 X 1 0 15 cm- 2 "C^AU H« 

[0 0 0 6] CVDMfV>t***iSlO* 
BSlC«0x.tfSi3 N 4 d^feft-SffS 1 0 0 nmCDjffej&iR 

i5luR I Ej££fllv>-aj&RRl 2ft3i^^^U * 
to«**fMKEio*ffixrj«y— h««8 Jbos io 2 

5 (Hi 4 (c) #J80 e 

[0007] i <D$tm\cm?L&K i a>b 

v^-c^w*** (Hi 5 (a) mm) o tWg> #J;ttf 

6 o o<c<D&m&m$LW£3 o^r^tirtia 

KifWJ KRl 7*M&-fZ (HI 5 (b).#K). 0 
ttT, SC-2i6St (HC 1 : H 2 Oa : Hz 0 = 

1:1: 6©S«) C«*SSHSiSt6:^a 
9. &ffcR4&tf£ffcRl 2±^. sfcEfc-CRoTV** 
NiI16^n S15 (c)#I)o . 

[0008] s iO Z a>feft5Jf ra*&»R (HI 

^iir-f) SrCVDfeSr^V^TW^tf 5 0 0 nmJtaS-fr 

= h?L£rl»7LU -WxitfS i «r 1 
5AlRS:^-x^?^feS^^V^TltalS•fr. 

i Oz a>£>&5/¥£ 1 0 0 0 nm<7V*v"<— U 
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[0 0 0 9 J 

IlioTMOS h9>^^S:»»Ufc»^l4, (SUM 1 
2Sr»J*i-5KI^ Si 3 N4 2 S 

i0 2 a»fefc*IMtIR9Rt*S iS£l i:^7X^x 

B^««tc»iJ fetus fc. Rfc^#Mh35sa£ASixTV^S V 

[0 0 10] X. H«tC«Ml 2'&J»tirt-*totz91IUt 
^tOf yt^ K (self aligned silicide ) it'XMfc 

[0011] *38«liJi(B*«*r#ii:UTftSnfet><Z> 

[0 0 1 2] X, *¥&W<Dfa(Dn#)te, vyaylKJE 
[0 0 13] 

T?7t+ Striae- Mt««r»J«Ufc«y-^. KW 
>MlS«l^«*^aAt 2 O^f ^i: , ffir 
fay- h«S^^85¥«ffSffi*®^i|BgdK«r^U 

[0 0 14] x> ±Sfioj:5^«J«S^»2 0«M«c: 

h ■mm** y- h mmzmfc-r ssi^f^t, 

y— h«so«A^»KcttciftaK^&ft««««rai#- 
$f5»3©^7^^ etriE^#s*Ji^y— 



[0 0 15] 

IfMI] _b^cD J; 5 WftjfcSixfcllS 1 <D&m<D*m&& 
10 [0 0 1 6] X. ±3&<0&5\zm&£tl1t9S2<D&9l<0 

[0 0 17] 

20 [Utttti] 1 1 i o^jia o 

SrH l JSSB 3 tc^-r o r o|Hft«©«3fi*-ftttifeT. 
v-y ayiSi *lC«x.«B>f ^^Sr K— XII 0 0k 
eV, 2. OX 1 0 13 cnr 2 -C&AUfc^. #J;ttf 1 1 9 
0^. 150^iIIS:lt^l:J;!)P^x^ 

6. 4 x 1 0" a" 2 T^y 3>«K1 IcSAlfcft, ± 
3S fc WWojRxa&ifcr n <t £ 9 N * *4*M6«:»J* 
so t5o 

[0 0 18]iV^ MlfLOCOS&^V^T^ 

fi£«BE£#5*:tf>K:. «*.fi£B-Y K-Xftl 5 k 

eV, 1. 0 X 1 0 13 cm" 2 (1^1 (a)# 

ft) o *^5x Pft^MOS f^vs^^SrSatl-s 
»fr«:N^ai/V«Wc«*„tf P^T^-^Sr K-Xfil 2 0 
keV x 1. 0XlO 13 cr z t^AU gcKAs^t 
^F-Xi4 0ke V, 2. 5 X 1 0 12 cid~ z T^Ai- 

40 [0 0 19] &tC, Mx.lf8 0 O'Ctf)! 0%HC 1 #H 
l C0gtM%Wtfc1rZ r £ tc J: j? % s i O 
2 ^645flitff ^ 7 nm©^ hftU7 »»A 
U ro^b^.7±lCLPCVD^C < t?ff$2 

nygUA s>f tV* K-Xi4 0 k e V, 3. 0X1 
0 15 cnr 2 ^Al, *©««*.tfR I E».*rfllV*T#y 
> y =3 8 Xtfy- h tfiftlR 7 **ttcn ^fy^ 

isuy-h««8*»*i-s (mi (b) 0 <t 

Pf t^MOS h^y^^SrMtSt&ft 
so As-T^-ycoftt?!3^BF2 ^t^K-Xf3 5ke 
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V, 1 . 0 X 1 0 15 cm" 2 tjiAtSo 

[0 0 2 0] ftl:*»#IfilO$I*«X.li8 5 0t 
<OOz ^TKfk-TSr t\ZX 9JP3**1 0-5 0 nm 

KW V»#JB«*i OCAs^M K-X15 0 k 
eV. 5. 0X10 15 cm- 2 TaAt5 (Hi (c) # 
BB) o 4*5. Pf t^MOS f7^^^?rMt5 
A s^^^OftfrlHCBFz -fty!r35ke 
V, 3. 0X10 15 ciB- 2 ^At5o 
[0 0 2 1 ] »V*T. 10 0 

COS i 3 N4 Btfcfll&tfR I E8fc*tf>«;frtt 

2S:Mt5o r^-CS i 3 N 4 I0R I EfSS i O z 

«9t3iy^^^S^5 (H2 (a) #Jg) 0 -tOfftM 
X.tfA s-r^-^fr K— Xi5 0 k e V. 5. 0 X 1 0 15 
cm" 2 "CttAU 08*.tfl 0 0 0 t CO^#ffl^-e2 0£J> 

fcMfcifcftS l 5 &m&irz 0 :(D«F^««»«fi l.o 

19 ~1 0 22 cm- 3 Ottffl^fc-5o 4*5. Pft^VMOS 
Fz ^tV?rK-Xi3 5keV, 3. 0 X 1 0 15 cm" 2 

i0 2 HtWBi-S <B2 (b) #JR) . 
[0 0 2 2] fc\z¥m#£m 1 *tfN i ^ h 

&6J¥£ 2 0 nm^lll 6 %*'<y#\Z. 

L (03 (a) % W^tfeootoiSSlff 

^3 o&mr~—/i'irz>-t\z£*) y— Yu^i^m 

fbLT«;fctfN i S i d^^i^yf^f KKl 7fc»* 
(H3 (b) «*Bg) 0 ^(Ot, SC-2*«JCR» 

tsr^i^j: & mm 1 2 are5}iuMbK4 ±i-^o 

(B3 (c) *RB) . a*W\ a^O^^ttOfiag 

[0023] ro^io*9go^ico^js^^*5v^ 

$!<T. j5>o««1 2 0Tfc*^St^rv*5*«ft>f * 

mm4*is<D%mmi 5^^—hmmT-^xmx^x^ 

[0 0 2 4] ftJC»10»Wco»2^StJfi«<0«S**fe 
Jc J: o T«3ft * *t5 ^*#£ttO«agxa0rffiB£ 0 4 

(a) (b) 1^1% ro*js«o«ac*«fett. h 



KS i 3 N4 II 2SrJtHS-fr5*-ett»l©»WO» 
1 <omMmv>W&&%& i:W«lcUTfi 5 o Si 
3 N4 UtT^ft:^ 9 \Z^^y=5-istf%:M-t- t \Z 
i D h t« 8 p«l 1 2 Sr^t 5o *£8f 

(B4 (a) #flg) . 

[oo2 5]^ry-x N KW«i«ioci 

1 ©X*#J i LT^F«* tftA SfcxaSriEi- 

10 a (B4 (b) mm) o K«i4*i<oi8affli<D.B3 
(a) te^xaaftirataasiasr^v^T^N*** 

[ 0 0 2 e i sctcfg 2 (omi <ommm<DW&jjW: 

± o TKtt * ^ a ¥«fl^«*>S«gxa»r B 

8<Z>P5«ltf>ttlBfc:S is N4 ti*bt£ZWStl 2 trJ&ftrt- 
5 £-Cf*$g 1 o3§9§o!£ l <0H««^»3S*ftfc n&R: 
20 Ltft? (B5 (a) #J&) o ^2»ffS«-i 
'O*ffi4rMtf8 5 0t©O2 ^"CiMfctSCi^J: 

8 (Dmm\zm£ 10-50n mm&<V S i O2 114!: 

(B5 (b) #Jft) e 
[0 0 2 7] iV>T, W^tfHF^SlCit). ^NfttS 

sim'^ms8^i^h 4^mmv (b 

5 (c) #Jft) , -t^t^MfilOSIIuffl^lfN 
i ^fe46J»S 2 0 nmO&JUl 6&X/<y?\Z£ V) 
mmtSltZ (B6 (a) #fig) o »iC«jfctf6 0 0°C<D 

30 »*atBft*-e3 o^T^^tsr tio, y— 

iRi 6=grvy-9->r KfkLT^y-^-r kjri 

a (B6 (b) #k) 0 *<0«sc-2**ic«ati-a 

:^^ts i 3 N 4 KRT/*^!«»ft:K4JiO. 
y^-f Kfb$^4v>N iSi 6£rK^L (B6 (c) # 
BB) . «*oaNW*SE«iP«te|B«xa«t 

[0 0 2 8] ro»2co*W©*i^*16«^«3i*«fe 

40 **B«rRfkUT»fbKSry-^. KW^«*Jtl!l» 

J: a i/y -i^S SrB&fc-T a w t ds-pffig 1 46 fc i fc tc. 
vy =i>^ "Kfc(D#K#2pafc45 * 5ici-5 

[0 0 2 9] 2 O^^O^ 2 <D*««^«3i*jSfe 

\z J:oTjB»*tt-5^**»iio«3Sxa»f®B*rB 7 

so M^ttni y ^ > >/ 1 ^7tiO#® J: 



DWx.*i2 — 5 OrmU&&< (B 7 

(a) *jh) „ *<o&*mft&tiiwtm*mz-&8 sot: 

(B7 (b) #JR) , *o««*.tfHF*aiK:J:9«ffc 
■ 14 5 (8 7 (c)'*B8) o Mlil2^ 

noflll-OXMifllOH 6 (a) H*fc*tl8i:Ria© 

[0 0 3 0] ftlCf 2 £0H^Og3 (D^WJ^Il^ 
iUoTMSJtS ^*»SSO®5fxm»f B B £ B 8 

tf 8 5 0tOO 2 ^Afbi-SCfclCj:!! S1O2 19 

*w$tfrz> 2<p&wcom i ©sus« t b 

Tfx 5 o *£<olit y — ^9 KW^]SS*«lll:Nf 

t^3 0-5 0KeV, 1 X 1 O^ci^AU 
t*^h7 -C&ftfcf. MlfBF 2 fcL<t±B 

^ty§:35KeV, IX 1 0 U cm" 2 ^A-T5o (B 8 

B5 (a)-IC«r««»*KI»©xaftffor*»** 

[0 0 3 1 ] &tc|g 2 0>&fft<OfSA Oj«(Sffli<D»aiE*fe 
\c J: o Tg[^ S ft 5 ¥^#3£g^5£j£xa£rBB £ B 9 

2 <d&W<d% 1 oSHfiffil 

fcP-f^fc K— Xfi4 OKeV, 7. 0X10 13 cd^T 
SAU «V^TAs>T^S:K-X*5 0KeV, 5. 0 
X10 I5 cni- z t*aAt5 (B9#i£) o J &"OSli»2© 
38B3o*lo*Jt«tra«^B5 (a) |:«t»l»ox 

J: 9»xa«rlfci-C k iaoT^< 

[0 0 3 2] fti:l2^^5(0»M^ 
Cio T§£5£ S ft 5 ¥»#ggO»ljgxai4Fr B B £ B 1 
OR:**-. £oJBfc«©«3tt*«fef±, 

flttf4 5K«»S*T K-Xt4 OKeV, 7. 0X1 
0" cm -2 T?aAL«V^As>ftVS: K-XS5 OKe 

v, 5. oxio l5 ci- 2 t?aAn (010^1) e 
<om±m2<D&m<n%i(onmMkmm\zm5 U) k 
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iRiJ:ot«<ta^HBi8T* -ctt*: * ft*: y 

[0033] &\z$g2<o&m<ome(DnMm<om&iy& 

lc <fc o Tlgjt $ ft 6 NMVfl&SoaacX&Nr B B £ B 1 

1^1% w0^ffi^JOSg^fe|±miO%^^^lCD 

mmm km 2 <D&w<om 1 o»j t £*fc 

HOJSlO*lt«fcWI«UTfT5 (Bll (a) # 
IB) • tOtSSl OS®$r^Jtlf8 5 Ot^Oz JS* 

K—Xfl; 5 OKeV, 5. 0 X 1 0 15 car 2 T&A 
U 09;ttf 1 0 0 otolg^f^a OtMHOM 
&m%M-tZk\c£ t)^v>y— * s KWy««i5Sr. 

(Bll (b) #flg) e Pft^MO 
SF7 * Sr»3S-r «»-&f± A s -T yS-XDftfr V iz 

0!);tl£BF2 4*^*; K— Xf3 5KeV, 3. 0X10 

[0 0 3 4] ftlC^tffHF^ltJ: 5»{fcKl 4SriH! 
BiU ¥*#Sfil o*ffil:flttfN i ^?>45»S 2 
Oma^Ill eZmmZ^/b (Bll (c) #&B) e 

(b) tC^ 

30 [0 0 3 5] ^iC^ 2 CD^^O^ 7 0^»«0«3S*ft 
KlJ:oT«aSft6i|£W*Kft«0«3iEXaKffiBSrB 1 

mmm k m 2 2 <Dmmm&&t>itiz t> o-cfc 

5o hmfil8(D{|!lMl 2Sr»j«i-5*-ett!B2^>« 
WOSR2 0*lS«tlRl«»cbTfi l 5 (B12 (a) # 
fiS) ) o ^oaitSEl 0*ffi*fltli8 5 OtOOz X 

x^wtik-rzzkfcxvmikmi 4fe»dtu j^ta 

s ^^^Sr K— Xfi:5 OKeV, 5. 0 X 1 0 15 ca" 2 tft 
AU 0 0 0 t CcO^#ffi^*T^2 0#KiC0 

40 R«aS:Jttwil:J:oTSv^-^ KW^««1 
5*r»j*i-5 .(B12 (b) #fig) .'tt^ P^^^/v 
MOSFy >-^^ ^ SrS3ti-5^t±A s ^ ^>-<D«;^ 

0 IC^J^^B F 2 ^^->-$r K— Xfi3 5KeV, 3. OX 

1 o 15 cm- 2 raa^iR&asrifii-. 

[0 0 3 6] *jC«*.tfHF«3SJCj: 4-&M 
glL s SSlO*B«C«^ttfN i d»b*-5«S 2 0na^> 
«1 6$r±ta^^:5 (B 1 2 (c) #K) . ^ftR 
Slit 1 OH^^f 2 OSIftfJOS 3 (b) tc^-r^^ 
OXSS:t?oT^*«:*iaSr»*t:5o -O^2co^^ 

so <om 7 osat«o»5t*«fei±» i oss^gr 2 (Dtsfl 
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N i OftfrO fcT i x Co.W, Mo, Vm<DMM 
[0 0 3 7] 

[*««>»*] Sl^Hiaiiff, ff< -C*>o9f)£«> 
$gSoy-*. KW Citf^Rfc ft S 

co-c. y— .kw ^««©s«:is*B*:-t-6^*pr3t 

[RBo>ffi¥ftRH] 

[Hi] 9 1 1 <0H*«<D»»xaWnEBL 

[02] SSlo*M^»loja(6ffilo«3txaWrffiHo 
[H3] »lO*M^lOiaS«O»5tXS»fffi0 o 

in 4] j>io«nojii2oidkfloaaz»MBBL 
[as] »2o*«(D»iosa<t«(o«aExaBfffiB. 

[B6] JS2 08Wo»loSBfi«OjH3»XS»rffiBo 

[B7] M2o^igom2(o^is^joS2txa®f®ii!o 

[18) B2^^PJ(^m3 0^Jg^J03K5tXa»f®iao 
[19] £2 (D^m<0^ 4 0*JS«0«5ixa»fBBo 
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[BI O] *2 0»Wo|R5 0ia6«0»atxaWfB 
Bo 

[ill] »2 0»WO»6 0jgl6«0«attXSWf® 
Bo 

[012] R2ORRoR7 0jt&ffaRiftxaffB 
Bo 

[Hi 3] «*©!BBc*ttlcj:5XWf»B. 
[014] tt*<D«3ft*«fclc J: 5 iaBrBH. 
[01 5] «*<DtSt3ft*JfefcJ:-5xa»BBo 

1 ¥*»#S« 

2 P^m/l" 

4 58^#«i«{bR 

7 *>-hRffcR 

8 vrnrn 

9 S i O2 R 

10 y-*. KW * v'ftASIc 
1 o' y-x* KK^«« 

1 5 

1 2 (S i 3 N 4 ) 

16 Nil 

17 v-UlM K (N i S i) R 
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